eointimal hyperplasia is a complication of both balloon angioplasty 1,2 and bypass vein grafting. [3] [4] [5] Experimental studies in mouse models have indicated several possible sources for the neointimal cells, 6 including circulating (pluripotent) cells with arterial wire/ballooninjury 7,8 and some vein graft models, 9,10 and predominantly local cells with arterial cuff injury 11 and in a modified vein graft model. 12 These differences suggest that more than 1 mechanism may be responsible for neointimal hyperplasia, depending on the initiating cause.
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Background Neointimal development is seen clinically after both vein grafting and balloon catheterization, but may not represent the same pathology under these 2 conditions. This study compared the degree of neointimal hyperplasia after vein grafting or arterial-injury grafts in 2 strains of mice: C57Bl/6 and FVB. Methods and Results Jugular vein branches were interpositioned as grafts in the femoral artery of syngenicmatched mice, with graft harvest at 30 days. Wire-injured carotid arteries were grafted to the carotid arteries of syngenic-matched mice, with graft harvest at 14 days. Histomorphometry revealed no strain differences in vein grafts in the extent of position-dependent neointimal thickening or lumen cross-sectional area. Both strains showed significantly thicker neointima and less lumen area at the proximal graft site (vs the mid-graft; p<0.05).
In contrast, a significantly greater neointimal thickness was found in the wire-injured carotid grafts of FVB mice vs those of C57Bl/6 mice (p<0.05).
Conclusions Neointimal formation shows a vessel-dependent, strain-dependent difference, with greater arterial neointimal thickening in FVB mice. These data suggest that different mechanisms operate for arterial-injury-vs vein-graft-associated neointimal development and that the difference has a genetic basis. (50 mg/kg body weight ip). A murine syngenic vein graft (same-strain) transplantation model 12 was used in 1 experiment, grafting a branch of the jugular vein (2-mm length) from a donor mouse to the femoral artery of a syngenic recipient mouse. A single intravenous bolus of heparin (5 units in 100 l) was given immediately before reflow of the femoral artery to prevent thrombosis. In a second experiment, donor carotid arteries were wire-injured in situ 14 using a 0.26-mm diameter silver-coated wire placed retrogradely via an opening in the external/internal bifurcation and passing it up and down 3 times along the length of the common carotid artery. There was no measurable difference in the carotid artery diameters of the C57Bl/6 and FVB mice. The injured vessel was removed from the donor animal, cut to a 2-mm length and grafted to the carotid artery of a syngenic recipient, using 8 stitches of 11-0 nylon per anastomosis (injured arterial graft model). Arterial grafts were harvested after 14 days and vein grafts after 30 days by double ligation outside the graft margins, resection, and immersion-fixation in 4% formaldehyde in phosphatebuffered saline for at least 24 h. Samples were processed through ascending ethanol and xylene, paraffin-embedded, cross-sectioned at 6 microns, and stained with either hematoxylin -eosin or Masson trichrome. Histomorphometry was accomplished on digitized images using NIH ImageTool 3.0 software as described previously, 12 analyzing representative sections from the proximal, middle and distal portions of each graft. Neointimal thickness and luminal area were measured. The data for each parameter were statistically compared with ANOVA, using a Student-Newman-Kuels posthoc test for between-group comparisons; a p<0.05 level was used to assign statistical significance. Correlation analysis was done between the intimal thickness and lumen area cumulative data for the vein graft samples.
Results
For each mouse strain, 9 vein grafts and 6 injured arterial grafts underwent analysis. For the vein grafts, neointimal formation was greatest in the proximal (upstream) portion of the grafts for both strains (Fig 1a) . This was significantly greater in comparison with the middle region for both strains and also in comparison to the distal region in the FVB grafts (p<0.05). Although the distal region showed greater neointimal thickness than the middle region in both strains, this did not achieve statistical significance in either case (p>0.05). The lumen area of the proximal end was significantly less than that of the mid-graft for each strain (p<0.05; Fig 1b) . The lumen areas of the central and distal regions of the vein graft in each strain were not significantly different. Most notably, there were no significant differences (p>0.2) in neointimal thickness or lumen area between the 2 mouse strains for any location-matched regions of the grafts (Figs 1a,b) . Correlation analysis of overall neointimal thickness to lumen area for all regions revealed a negative Pearson coefficient of -0.55 (p<0.01), indicating greater luminal stenosis with increasing neointimal thickness in both strains.
The injured arterial grafts showed a uniform extent of neointimal thickness along the graft length; thus, only 1 central region of the graft was measured for each sample. The FVB strain showed greater neointimal area (9,032±2,682 m 2 ) than the C57Bl/6 strain (3,015±674 m 2 ) (means ± standard error; p<0.05).
Histologically, there were no apparent differences in the quality of the neointimal layers for the vein grafts (C57Bl/6, Figs 2a-c; FVB, Figs 2d-f) or the wire-injured arterial grafts (C57Bl/6, Fig 3a; FVB, Fig 3b) . Localized calcification within the medial/adventitial regions was found in all (9/9) of the FVB grafts (Fig 4) , whereas no clear calcified regions were found in any of the 9 C57Bl/6 grafts, or in any of the wire-injured arterial grafts of either strain.
Discussion
The present results indicate that for bypass vein grafting there was no apparent difference in neointimal thickening between the C57Bl/6 and FVB mouse strains, whereas after arterial injury, the FVB strain displayed a greater extent of neointima. The arterial changes support the findings of Kuhel et al 13 who reported that minimal arterial-injurybased neointimal hyperplasia was found in C57Bl/6 mice, whereas there was a much greater response in FVB mice. 13 The arterial injury model causes endothelial denudation with minimal disruption of the medial elastic lamina. The resultant neointimal cells have been shown to originate predominantly from circulating cells. 7, 8, 11 The vein graft model reported herein is known to have little endothelial loss and the neointimal hyperplasia arises primarily from endogenous vein graft cells, with a time course peaking beyond 15 days (Ref. 12 and unpublished findings); this was the basis for selecting a 30-day evaluation time in the present report, whereas most mouse studies of arterial neointimal formation have been done at 14 days. Given the implication that genetic differences are responsible for the variability in neointimal response among mouse strains after arterial injury, 13 ,15 the present findings suggest that other mechanisms are induced during vein graft neointimal development and that these may not be under the same genetic control as those for arterial-injury neointimal hyperplasia. Clinical findings provide possible support for this different-mechanisms hypothesis: restenosis after balloon angioplasty develops within 3 months without further progression in the majority of patients, 16, 17 whereas stenotic complications after vein grafting appear to progress more slowly, generally 3-24 months. [3] [4] [5] The model for wire-induced arterial injury used in the present study differs from the established model as used by Kuhel et al, 13 in that the injured artery was subsequently grafted to a recipient (uninjured artery). This manipulation was done to provide a closer parallel between the arterial and venous neointimal conditions. Previous results found that uninjured arterial grafts in mice develop very little neointima, 12 which, together with the present findings, shows an independent effect of wire-injury neointimal formation across mouse models. 13, 14 The incidence of calcified tissue in the vein graft wall of FVB mice is intriguing, but may have little bearing on graft stenosis or clinically relevant complications, and may simply be a strain-dependent difference in inflammatory response after vein graft surgery. Clinically relevant vascular calcification occurs in the arterial medial layer, 18, 19 whereas the experimental calcification noted in this study was seen primarily within the adventitial layer or at the adventitial/ medial boundary, and only in vein (not arterial) grafts. Nevertheless, the high incidence in FVB mice suggests that this model may have value in studying vascular calcification.
Evaluation of murine strain differences has clearly shown gene-based variability for many vascular phenomena, 15 such as atherosclerosis, 20 arterial remodeling, 21 and stroke. 22 This report supports a hypothesis of different mechanisms for neointimal development operating under arterial-injury vs vein-graft conditions. Furthermore, this difference is most likely influenced by genetic variations between mouse strains. These results are important for understanding how murine experimental studies can be translated into new therapeutic directions for bypass surgery. [23] [24] [25] 
